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Abstract 
Household carbon emission (HCE) is a growing concern among develop countries such as China, United States, and 
United Kingdom. Numerous researches have been done in order to identify the factors contributing to increase of 
HCE. Among the factors are numbers of occupants, household incomes, transportation fuels, electricity and liquefy 
petroleum gas (LPG) consumption, and waste generated by households. Unfortunately, results from these researches 
are possibly inapplicable at Malaysia due to difference in type of study area and climate. Thus, the purpose of this 
research is to identify the primary factor contributed to HCE at a residential area in Penang with the application of 
Structural Equation Modeling (SEM). The independent variables involved in the research are the numbers of 
households, household total incomes, electricity consumptions, LPG consumptions, and transportation fuel. The 
samples consist of 52 households using simple random sampling. There are significant positive correlations between 
total household income, electricity consumption, and transportation fuel with the amount of HCE. Transportation 
fuel was the main contributors for HCE at the residential area (β = 1.003, C.R. = 301.315, p < 0.05).  
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1. Introduction 
Carbon dioxide (CO2) exists naturally in Earth atmosphere through carbon cycle. Unfortunately, anthropogenic 
source has emitted almost 8 billion tonnes of CO2 each year. Since Industrial Revolution in 1750, human activities 
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have become the main contributor to the excessive CO2 and other greenhouse gases (GHG) in our atmosphere. 
These GHGs has increases the temperature of the Earth by trapping heat from the Sun in form of infrared [1]. 
Consequently, this phenomenon has leads to other catastrophic effect such as climate change and sea level rise.  
According to USEPA, activities such as burning fossil fuels for energy, deforestation, industrial processes and 
agricultural practices are the main contributor of GHGs. The increase number of human population has also affected 
the GHGs emission. The terms household carbon emission has been introduce in order to indicate the emissions 
produced by the occupants of houses. 
 A study in China has proven that household living in urban area has become a significant contributor to carbon 
emission [2]. Their daily consumption of electricity, liquefy petroleum gas (LPG), and transportation fuel are some 
of the factors contributing to their carbon emission. Their income and number of household can also affect the value 
of HCE that they produced [6]. 
Currently, numbers of researchers have been carried out by develop countries in order to mitigate the emission of 
carbon from households. Since China has been identified as the main contributor of global greenhouse gases 
emission in 2008, most of the previous studies are related to household carbon emission (HCE) in China. These 
researches are focusing on how measure the HCE and to identify its sources.  For example, a research done by 
Zhuang, et al. [15] at Shijiazhuang City has suggested that numbers of family member, occupation, annual income, 
energy consumption from household appliances and equipments, average travel mileage, and fuel types as the 
driving factors of the increment of carbon footprint. Similar research done by Golley & Meng [6] was to determine 
whether there was a significant relationship between the incomes of the household with their carbon dioxide 
emissions.  
Both of these studies are involving households who live in urban area. The characteristics of urban household 
will be different with rural households in terms of total income, energy consumption, numbers of vehicles owned, 
and LPG consumption. Thus, the measurement and the identification of the source of HCE in rural area must be 
done. In addition, the results of previous studies are inapplicable to Malaysia as there is a difference of climate 
between these two countries.  It is because China is a four season country, while Malaysia is a tropical country. 
Zhuang, et al. [15] have mentioned that households in Shijiazhuang City are emitting most of their carbon through 
coal burning to heat their homes. In Malaysia, people would rather use the electricity energy to cool their houses, 
even at night. Thus, the purpose of this research is to identify the factors contributing to HCE at a residential area in 
Penang, which is considered as a suburban area. By identifying them, the policy makers can strategize the best way 
to reduce HCE in suburban area.  The objectives of our research are: 1) to identify the factors contributing to 
household carbon emission (HCE), 2) to determine the cause-effect relationships between the factors and the 
household carbon emission using SEM, and 3) to suggest the carbon reduction strategies in minimizing the problem. 
 
2. Methodology 
 
Several carbon emission factors were identified and being developed as a questionnaire in order to collect data. 
To determine the carbon emission factors, a survey were conducted from the local residents of the residential area in 
Penang. The total number of households of a residential area at Penang is 60. Based on Krejcie & Morgan 
formulation, 52 households were required to conduct the survey. Structural Equation Modelling was the main 
measure to analyze the data. SEM is an advanced and robust multivariate statistical method that allows for 
hypothesis testing of complex path-relation networks [5].  
Survey was conducted to collect quantitative data on the family background, energy consumption, and petrol 
consumption and study the relationship between the factors and carbon emission. There were 15 questions answered 
by the respondents which include 2 questions in each demographics, energy consumption and transportation. The 
questionnaire was written in bilingual, Malay and English. All the data were collected from the survey and the raw 
data were multiplied with the emission factor of each section based on IPCC carbon emission factor.  
Structural Equation Modelling was adopted for quantitative data analysis in this research. SEM is a powerful 
technique that can combine complex path models with latent variables (Hox). The variables used in this study were 
family size, family income, energy consumption and transportation. SEM could imply the cause-and-effect 
relationship between the variables in the research. It showed the relationship between the family size, family 
income, energy consumption and transportation with carbon emission. 
 
 
346   Amir Hamzah Sharaai et al. /  Procedia Environmental Sciences  30 ( 2015 )  344 – 348 
3. Analysis 
 
Regression model was used as there were no latent variable. Fig. 1 shows there are one endogenous variable and 
5 exogenous variables which are household size, household income, energy consumption, transportation and e1. 
Transportation has a positive relationship with carbon emission, while electricity and household size has a negative 
relationship with household carbon emission. 
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1. Regression model showing analysis result 
 
Regression weight in Table 1 was shown the S.E. and critical ratio. The lower the value of S.E. shows the 
stronger the ability of endogenous variable to predict the endogenous variable, household carbon emission. 
Household income shows the lowest S.E. value, 0.002 which means it has the strongest ability to predict the 
household carbon emission; number of household has the highest value of S.E., 2.351 which has the weakest ability 
to predict the carbon emission. It is shown that the C.R. value between household carbon emission and four 
exogenous variables are out of ±1.96 range. Therefore, these 4 variables are significant variable to household carbon 
emission. (Income: C.R. = 0.223, p < 0.05; Electricity: C.R. = 26.757, p < 0.05; Transportation: C.R. = 301.315, p < 
0.05). 
Table 1 Regression Weight and Standardized Regression Weight 
 
 
 
 
 
 
 
Apart from that, Table 1 also shows the different correlation between four exogenous variables to endogenous 
variable, household carbon emission. It is found that three exogenous variables pose a positive correlation with 
household carbon emission which is household income, electricity and transportation (household income: β = .001; 
electricity: β =.106; transportation: β = 1.003). Among them, transportation has the highest correlation and is the 
most significant contributor to household carbon emission. However, household size shows a negative correlation 
with household carbon emission, which β = -.007. 
 
Table 2 Covariance and correlations between exogenous variables 
Relationship between exogenous 
variables Estimate S.E. C.R. P Estimate 
Household <--> Income 1324.704 463.293 .437 .004 .437 
Income <--> Electricity 54374.772 24833.890 .322 .029 .322 
Household <--> Electricity 88.829 25.168 .569 *** .569 
Household <--> Transportation 209.306 223.491 .132 .349 .132 
Electricity <--> Transportation -6191.905 12366.780 -.070 .617 -.070 
Income <--> Transportation 357774.986 244558.230 .209 .143 .209 
 
Covariance shows the correlation between the exogenous variables in the study. C.R. values which are located 
out of ±1.96 range (Household-Income: C.R. = 2.859; Income-Electricity: C.R. = 2.190; Household-Electricity: C.R. 
Relationship between variables Estimate S.E. C.R. P Estimate 
Emission <--- Household -3.805 2.351 -1.618 .106 -.007 
Emission <--- Income .000 .002 .223 .824 .001 
Emission <--- Electricity 1.085 .041 26.757 *** .106 
Emission <--- Transportation 1.011 .003 301.315 *** 1.003 
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3.529) shows significant correlations between the variables in Table 2. It means these variables are affecting each 
other. Table 2 also shows that the correlation between numbers of household and electricity consumption is the 
highest (r = .569) while the others are weaker and one has negative correlation. 
 
Table 3 Variances and squared multiple correlation of the SEM 
Variables Estimate S.E. C.R. 
 Household 2.806 .556 5.050 
Income 3275517.751 648649.171 5.050 
Electricity 8699.758 1722.809 5.050 
Transportation 892146.650 176671.363 5.050 
Residue 469.020 92.880 5.050 
Squared multiple correlations                       .999 
 
Variances in Table 3 shows the changes of endogenous variable caused by the changes in exogenous variables 
such as household size, household income, energy consumption, transportation, and residue. It was found out that all 
the C.R. values are more than ± 1.96 in Table 3. It shows that exogenous variables are significantly able to forecast 
any changes in endogenous variable (CO2 emission). Squared multiple correlations show the variance value of 
endogenous variable, household carbon emission that can be forecasted by the four exogenous variables. Value .999 
shows 99.9% variance in CO2 emission can be predicted by all the variables, household size, household income, 
energy consumption and transportation. Only 0.01% variance in CO2 emission cannot be predicted in this regression 
model. 
 
4. Discussion 
 
 SEM analysis result has shown that the regression model is suitable to predict the household carbon emission. 
This is because all the exogenous variables, which are total household income, electricity consumption and 
transportation are significantly contribute to household CO2 emission (Income: β = 0.001, C.R. = 0.223, p < 0.05; 
Electricity: β = 0.106, C.R. = 26.757, p < 0.05; Transportation: β = 1.003, C.R. = 301.315, p < 0.05).  
 Three exogenous variables pose a positive correlation with household carbon emission which is household 
income, electricity and transportation (household income: β = .001; electricity: β =.106; transportation: β = 1.003). 
Among them, transportation has the highest correlation and is the most significant contributor to household carbon 
emission. According Gupta [6], the transport sector is one of the major sectors that affects lifestyle in a significant 
way and is the major contributor towards the city carbon emission based on household’s use. Besides that, among 
the household, income and electricity are correlated with each other. Correlation between numbers of household and 
electricity consumption is the highest (R=0.569, CR= 3.529, p>0.05), while the other correlations are weaker and 
one correlation is negative. It means that four variables are affecting each other. 
 Result of SEM analysis shows the variance in endogenous variable, household carbon emission forecasted by 
four exogenous variables is .999. It shows 99.9% variance in CO2 emission can be predicted by all the variables, 
household size, household income, energy consumption and transportation. According to the result obtained by 
Schnepf [7], it showed that the number of household affected the increase of household carbon emission. From 
Christopher and Daniel [8] research, they found out that a household who has higher income produced more carbon 
emission than lower income although both of the household have the same number of family members. A research 
done by Zhuang et al. [3] with concluded that energy used for heating home is the main contributor of household 
carbon emission in China. Christopher and Daniel (2011) had also found out that direct emission from transportation 
account for 23% of total carbon emissions. Only 0.01% variance in CO2 emission cannot be predicted in this 
regression model.  It might cause by the other factors which were not been recognized throughout the study. 
  
5. Conclusion 
 
 The result has highlighted the fact that household carbon emission is determined by household size, household 
income, energy consumption and transportation. However, the most significant contributor towards the household 
carbon emission is transportation fuel, it greatly influence the household carbon emission. It can act as a reference to 
local community and decision maker such as related government agency in tackling and reducing the carbon 
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emission of the residential area. From this research, reduction in using petrol in transportation is indispensable to 
household carbon emission, the local community can prefer using public transport while going out or walking or 
cycling to a short distance.  
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